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Abstract 
Nitrogen and phosphorus requirements of a chain-forming diatom, Skeletonema · 
costatum (Greville) Cleve, collected from Yatsushiro Sea, japan, were 
investigated in a laboratory culture experiment. Sodium nitrate and sodium 
glycerophosphate were used as nitrogen and phosphorus sources, respectively. 
Cultures were grown in modified Provasoli's ASP 2NTA medium (Provasoli eta/. 
1957) at 25±1"C, light intensity 60 )lE m-2 sec-1 and photoperiod 12:12-h, L:D 
cycle. Optimum growth was observed at nitrate concentrations of 3-10 mgl-1 
and phosphate concentrations of 1.5-15 mgl-1 • Adequate growth was also found 
at the nitrate concentration of up to as high as 300 mgl- 1 . Significantly poorer 
growth was found at lower nitrate (< 3.0 mgl-1 ) and higher phosphate 
(> 15 mgl-1 ) concentrations. From the present study, it is concluded that 5. 
costatum can grow well at wide ranges of nitrate concentrations but is sensitive 
to higher phosphate concentrations. 
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Introduction 
5keletonema costatum is a common diatom (Eppley eta/. 1971) which is 
-on~. ·nf ·the tmportant food items of most copepods. In Taiwan and in the 
Philippines this species is considered as one of the best algae for feeding prawn 
larvae (Liao eta/. 1983). 5. costatum can serve as a good biological source of 
proteins and fatty acids (Sanchez eta/. 1995). This species is also very important 
due to its potential use as valuable assay organism for examining water quality. 
On the other hand, 5. costatum, in some situations, may become noxious, 
forms heavy blooms when gets suitable environment due to eutrophication and 
causes economic losses to aquaculture. This species is known to cause blooms 
in USA, Rumania, France, Norway, Uruguay, China, Japan and Hongkong 
(Bianchemain eta/. 1994, Mingyuan and jiasheng 1993, Hosaka 1992). Noxious 
phytoplankton blooms are a serious problem for finfish aquaculture because the 
alga may kill fish by damaging or clogging their gills or kill fish due to 
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deoxygenation by forming a layer on the water surface (Anderson 1989), and it 
is believed that these blooms are increasing all over the world (Smayda 1992). 
Growth of phytoplankton in nature is controlled by various environmental 
factors, such as temperature, salinity, irradiance, nutrients, stratification, water 
turbulence etc. (Tomas 1978, Uye and Takamatsu 1990). In our another study, it 
was found that 5. costatum was extremely euryhaline and tolerable to very low 
salinities (Khan eta/. 1998). Optimum growth was observed at salinities of 20-35 
ppt, temperatures of 20-25·c, light intensities of 80-120 f.LE m ·2 sec·1 and pH 
between 7.5-8.0. Nutrients are very important environmental factors that 
influence the growth of any alga (Okaichi eta/. 1989). The nutrient requirements 
of Yatsushiro Sea's strain of 5. costatum in nature and laboratory have not yet 
been studied. The present study describes the effect of nitrogen and 
phosphorus on the growth of Yatsushiro Sea's strain of 5. costatum. 
Materials and methods 
5ke/etonema costatum used in this study was isolated in 1991 from 
Yatsushiro Sea, Japan. Stock cultures were grown in modified Provasoli's 
ASP2NTA medium (Provasoli eta/. 1957) (Table 1) at 25±1 ·c, light intensity 60 
f.LE m ·2 sec·1 and photoperiod 12 :12-h, L:D cycle. Sodium nitrate and sodium 
glycerophosphate were used as sources of nitrogen and phosphorus, 
respectively. Growth was determined at eight concentrations of nitrate (0.1, 0.3, 
1, 3, 10, 30, 100 and 300 mgl"1 ) and six concentrations of phosphate (0.1, 0.5, 
1.5, 5, 15, and 50 mgl·1 ). Culture media were autoclaved for 15 min at 121 ·c, 
and aged for several days prior to inoculation. 
Table 1. Composition of modified Provasoli's ASP2 NTA medium (Provasoli eta/. 1957) 
Additive 
NaCI 
MgS0 4, 7H20 
KCI 
Ca (as Cl) 
NaN03 
Na2 glycerophosphate 
Na2Si03• 9H,O 
Na2Co3 
Vitamin B,2 
Vitamin mix. 53* 
P II metals** 
Fe (as Cl) 
Tris buffer 
Distilled water 
The pH of the medium was 7.8. 
Concentration 
1s gr' 
5 gl"' 
o.6 gr' 
o.1 gr' 
7 mgl·' 
1 mgl·' 
99 mgl"' 
30mgl"' 
o.2 glr' 
10 mlr' 
30 mlr' 
0.5 mgl"1 
1.0 gr' 
to 1 liter 
* One ml of vitamin mix. 53 contains: thiamine HCI 0.05 mg, nicotinic acid 0.01 mg, Ca 
pantothenate 0.01 mg, p-aminobenzoic acid 1 f..lg, biotin 0.1 f,.lg, inositiol 0.5 mg, folic acid 0.2 mg, 
thymine 0.3 mg. 
**One ml of P II metals contains: Na2 EDTA 1 mg, Fe (as C[) 0.01 mg, 8 (as H3 BO) 0.2 mg, Mn (a.s 
Cf) 0.04 mg, Zn (as Cl") 5 f..lg, Co (as Cf) 1 f..lg. 
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Influence of nitrogen & phosphorus on 5. costatum 
Before starting the experiment the algae were acclimated to the 
experimental condition for at least two generations. Cells of mid logarithmic 
growth phase were used for inoculation to ensure that the cells were 
nutritionally replete. Sterilized micropipettes were used to transfer the inocula. 
Individual growth medium was gently shaken once a day for accelerating growth 
and to avoid settlement of algal cells. All growth studies were done in triplicate. 
The cell concentration was determined by direct counting by using a Sedgewick-
Rafter chamber. Counts were made immediately after inoculation and then each 
other day up to 10 days. For reducing errors due to possible synchronous 
divisions counts were made at the same time each day. The average number of 
cell divisions per day (K) for the 6-day growth period was calculated from : 
Ct 1 
K= In-(--) 
Co tIn 2 
where, Ct and Co are cell concentrations at times t and 0, respectively (Guillard 
1973). 
Division rates under different conditions were subjected to Analysis of 
Variance (ANOVA) (Statview S.E. + Graphics, Abacus. Concepts, Inc.). 
Significant differences among the means were determined using Duncan's 
multiple range test (DMRT) (Gomez and Gomez 1984). 
Results 
Growth of 5. costatum at different sodium nitrate concentrations with the 
fixed salinity (30 ppt), temperature (25°C) and light intensity (60 J..!E m ·2 sec·1 ) is 
shown in Figure 1. Cultures reached a maximum cell density of 11.36 x 1 as cells 
mr
1 on the 6th day at 10 mgl-1 sodium nitrate and the cell density remained at 
9.70x1 as cells ml"1 up to the 1Oth day in the same medium. No lag phase 
exhibited at 3 mgl"1 and 10 mgl-1 , and at 1 mg·1 and 30-300 mg·1 the lag phase 
was not distinct. Poorer cell density was found at low concentrations of nitrate 
(0.1 and 0.3 mg·1 ) with a 2 days of lag phase. 
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Fig. 1. Growth curves of S. costatum at different concentrations of sodium nitrate. 
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Analysis of Variance (ANOVA) showed that the difference in mean daily 
division rate of the cells at different nitrate concentrations were significant. The 
best mean daily division rate (0.75 divisions/day) was found at 3 and 10 mgr1 
which was not significantly higher than that at concentration of 30 mgl-1 (0.74 
divisions/day). The mean daily division rates at 0.1-1 mgl-1 were significantly 
lower than at higher concentrations of nitrate. The mean daily division rate of 5. 
costatum in relation to different concentrations of nitrate levels showed an 
increasing trend of growth from 0.1 to 10 mgl-1 and then a slow declining trend 
above 1 0 mgl-1 (Fig. 2). 
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fig. 2. Mean daily division rate of 5. costatum at different concentrations of sodium nitrate. Each point 
and vertical line represent mean ± SD for three replicates. Means with different letters are 
significantly different (p < 0.05). 
5. costa tum required low amounts of phosphate. It grew well with 
phosphate concentrations of 1.5-15 mgl-1 (Fig. 3). The maximum cell density was 
found at concentrations of 1.5 mgl-1 (1 0.30 x 10 5 cells mr-1 ) and 5 mgl-1 (1 0.27 x 
105 cells ml·\ The maximum cell yield at 50 mgl-1 sodium glycerophosphate 
was only 5.01 x 105 cells mr-1 on the 6th day of culture which was less than 50% 
of the maximum cell yield at 1 .5 and 5 mgl-1 • 
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Influence of nitrogen & phosphorus on S. costatum 
Statistical analysis (ANOVA) indicated that the mean daily division rate of 5. 
costatum was significantly different (p<0.05) at various glycerophosphate 
concentrations (Fig. 4). The highest mean daily division rate (0.71 divisions/day) 
was at 1.5 and 5 mgr1 and no significant differences were observed among the 
phosphate concentrations of 1.5, 5 and 15 mgl·1 • Lower mean daily division rate 
was found at the concentration of 50 mgl"1 with 0.59 divisions/day. 
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Fig. 4. Mean daily division rate of S. costa tum at different concentrations of sodium 
glycerophosphate. Each point and vertical line represent mean ±SO for three replicates. Means with 
different letters are significantly different (p < 0.05). 
The division rate of the plankton in relation to different concentrations of 
sodium glycerophosphate showed an increasing trend of growth from 0.1 to 1 .5 
mgr1 and a slight declining trend above 1.5 mgl"1 • A much declining trend was 
found from 15 mgl·1 • 
Discussion 
Nitrogen and phosphorus are two important macronutrients which are 
essential for the growth of phytoplankton. In this experiment, it was found that 
the growth rates and final cell yields of 5. costatum were dependent on the 
nitrate and phosphate concentrations in the media and the optimum 
requirements of nitrate and phosphate were 3-30 mgl"1 and 1.5-15 mgl"1 , 
respectively. Venkataraman (1969) reported about the requirement of a high 
level of nitrogen (13.6 mgl-1 ) as compared to phosphorus (0.45 mgr1 ) for 
maximum growth of Coccochloris peniocystiss. Similar observations were found 
for 5elenasturm westii (N/P ratio of 22.6/1) and Kirchneriella subsolitaria (N/P 
ratio of 15/1 ). 
It has been known that ecological and physiological parameters of 
phytoplankton may vary for different species (Khan eta/. 1996). 5. costatum can 
tolerate a wide range of nitrate concentration. In the present study, 5. costatum 
grew at nitrate concentrations from 0.1 to 300 mgr1 with the optimum at 3 to 10 
mgr1 • These optimum nitrate concentrations are similar to that of a previously 
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reported red-tide-producing phytoflagellate Chattonella antiqua (Nishijima and 
Hata 1986). In all cultures there was a clear decrease in growth rate at lower 
nitrate concentrations which are similar to the findings of Nishijima and Hata 
(1986). Adequate growth of 5. costatum was also found at nitrate concentrations 
of as high as 300 mgr1 • Similar results were found by Venkataraman (1969) for 
Nitzschia c/osterium. On the other hand, growth of many algae were found to be. 
strongly inhibited at higher concentrations of nitrate. A concentration greater 
than 31.5 mgr1 of nitrogen was found to inhibit the growth of Chlorella vulguris 
(Venkataraman 1969). 
The optimum phosphorus concentration for the growth of phytoplankton 
varies with different species. Nishijima and Hata (1986), while studying the 
effect of glycerophosphate in batch culture of C. antiqua using a phosphate 
concentration range from 0.03 to 8. 9 mgl-1 , observed that the growth of this 
plankton was found to be optimum between 1-8.9 mgl-1 , was poor at 0.3 mgr1 
and was affected at 0.03 to 0.1 mgr1 • Similar observations were found by 
Venkataraman (1969) for Anacystis montana which required a surprisingly low 
concentration of phosphorus. In our study, the optimum glycerophosphate 
concentration for the growth of 5. costatum was found to be between 1 .5 to 15 
mgr1 • It is noteworthy that, though 5: costatum required a surprisingly low 
concentration of phosphate phosphorus for their optimum growth, some 
phytoplankton require much less concentration of pi:losphate. The best growth 
of Ankistrodesmus fatcatus and Acenedesmus quadricauda were observed at 
1.0 mgl-1 and Asterionella formosa was at the concentration of only 0.002 mgr1 
(Venkataraman 1969). The growth of 5. costatum was found to be inhibited by 
higher concentration of phosphate. 
References 
Anderson, D.M., 1989. Toxic algal blooms and red tides: a global perspective. In :Red 
tides : biology, environmental science and toxicology (eds. T. Okaichi, D.M. 
Anderson and T. Nemoto). Elsevier, New York. pp. 11-16. 
Blanchemain, A., D. Grizeau and J.C. Guary, 1994. Effect of different organic buffers on 
the growth of Skeletonema costatum cultures : further evidence for an autoinhibitory 
effect. }. Plankton Res., 16 : 1433-1440. 
Eppley, R.W., A.F. Carlucci, 0. Holm-Hansen, D. Kiefer, J.J. McCarthy, E. Venrick and 
P.M. Williams, 1971. Phytoplankton growth and composition in shipboard cultures 
supplied with nitrate, ammo~ium or urea as the nitrogen source. Limnol. and 
Oceanogr., 16:741-751. 
Gomez, K.A. and A.A. Gomez, 1984. Statistical procedures for agricultural research. 
John Wiley & Sons, New York. 680 pp. 
Guillard, R.R.L., 1973. Division rates. In: Handbook of phycological methods : culture 
methods and growth measurements (ed. J.R. Stein). Cambridge University Press, 
Cambridge, USA. pp. 290-311. 
Hosaka, M., 1992. Growth characteristics of a strain of Heterosigma akashiwo (Hada) 
Hada isolated from Tokyo Bay, Japan. Bull. Plankton Soc. japan., 39 : 49-58. 
28 
Influence of nitrogen & phosphorus on 5. costatum 
Khan, S., 0. Arakawa and Y. Onoue, 1996. Growth characteristics of a neurotoxin 
producing chloromonad, Fibrocapsa japonica (Raphidophyceae). ]. World 
Aquaculture Soc., 27 : 247-253. 
Khan, S., 0. Arakawa and Y. Onoue, 1998. Physiological observations on a diatom 
Skeletonema costa tum. Bangladesh }. Fish. Res., 2(2) : (accepted). 
Liao, I.C., K.H. Su and j.H. Lin, 1983. Larval foods for penaeid prawns. In : CRC handbook 
of mariculture. Vol. I. Crustacean aquaculture (ed. J.P. McVey). CRC Press, Florida. 
pp. 43-69. 
Mingyuan, Z. and X. jiasheng, 1993. Red tide in shrimp ponds along the Bohai Sea. In: 
Toxic phytoplankton blooms in the sea (eds. T.j. Smayda and T. Shimizu). Elsevier, 
' Amsterdam. pp. 363-367. 
Nishijima, T. and Y. Hata, 1986. Physiological ecology of Chattonella antiqua (Hada) Ono 
on B group vitamin requirements. Bull. }ap. Soc. Sci. Fish., 52 : 181-186. 
Okaichi, T., S. Montani, ]. Hiragi and A. Hasui, 1989. The role of iron in the outbreaks of 
Chattonella red tide. In : Red tides : biology, environmental science and toxicology 
(eds. T. Okaichi, D.M. Anderson and T. Nemoto). Elsevier, New York. pp. 353-356. 
Provasoli, L., j.j.A. Mclaughlin and M.R. Droop, 1957. The development of artificial media 
for marine algae. Arch. Mikrobiol., 25 : 392-428. 
Sanchez, S., M.E. Martinez, E. Molina, and ].A. Casa, 1995. Skeletonema costatum as a 
potential source of fatty acids and single-cell protein (SCP) : The effect of pH on 
growth rate and biomass composition. Mar. Biotech., 2 : 23-26. 
Smayda, T.]., 1992. Global epidemic of noxious phytoplankton blooms and food chain 
consequences in large ecosystems. In : Food chains, yields, models and 
management of large marine ecosystems (eds. K. Sherman, L.M. Alexander and 
B.D'·. Gold). Westview Press, Boulder, Colorado. pp. 275-307. 
Tomas, C.R., 1978. 0/isthodiscus luteus (Chrysophyceae) I. Effects of salinity and 
temperature on growth, motility and survival. Phycol., 14 : 309-313. 
Uye, S. and K. Takamatsu, 1990. Feeding interactions between planktonic copepods and 
red-tide flagellates from Japanese coastal waters. Marine Ecology Progress Series, 59 
:97-107. 
Venkataraman, G.S., 1969. The cultivation of algae. Indian Council of Agricultural 
Research. New Delhi. 297 pp. 
(Manuscript received 30 june 1997) 
29 
